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ENGINEERING-TEST REPORT ON SHORT-RANGE MISSILE LAUNCH LOCATOR AN/TRS-5

IRTRODUCTION - e d

s P07 -

This report provides technical data% on the perfogp%g&,grgmange
,-stsile/»libamch,mcator AN/TNS- .m—m—eunéuete L Thi oréte:-y
and_atEoxi-Sili-Qlskahoms. The-equimmenti-was—édevelopet-urder—-Sisnel=O0onps
Caontract DA3G-03Q SC-F503# -Dy-Redie-Oorponstion-of Amexias. The report is
divided into two sections--Leboratory Tests and Field Tests:

Leboratory testeé co were concerned primerily
with The technical cheracteristics of the AN/TNS-S- This equipment wes
tested in a cerefully controlled leboratory environment. The tests measured
compliance with Signel Corps /fechnica.l eguirements SCL-1830, and furnished .
quantitative date which appeer under the individual test descriptions. Mewe
g .

. Fleld tests, conducted at Fort Sill, Oklehomz, were concerned with
the pérformance of the AN/TNS-5 when operated under simulsted combat condi-
tions.

Tumerous deficiencies found during the tests ere summarized at the end
of this report and corrective measures are recommended

GENERAL. DESCRIPTION

The Short-Range Missile Launch Locator AN/TNS-5 is| the most recent in
e series of egquipment developments besed upon the theory of the square micro-
phone array. This arangement permits the sound-ranging operstor at any
stetion to determine with considersble precision the direction of an enemy
target with respect to his own position. Similar data is derived from other
agimuth stations operating along a common baseline. This data is then
transmitted to a common point where it is analyzed to yield a series of inter-
sections which represents the source of the sound,

The present system consists of three engineering-test models, AR/TNS-5 »
which represent the minimm number of ezimuth stations required for e complete
sound ranging system. ZEach azimth station includes the following msjor com-
ponents:

a. Tape éra.nsmrt records incoming signals on a magnetic tepe, which
has four signal channels corresponding to a four-microphone array.

b. Oscilloscope permits the operator to view the previously recorded
signals on the magnetic tape in the tape transport. The recorded date from



all four channels are seen simultaneously on the oscilloscope tubes; how-
ever, their relative positions may be shifted laterally in either direction
by the operator or they may be overlaeid to permit closer matching. The
process of eligning signals coincidentally sets the positions of precision
potentiometers mounted in the tepe transport.

c. Computer (electromechenicel analog) converts the output from the
potentiometers into a direct reading of the target position with respect to
grid north.

4. Cepacitor microphones (four in use and two spares) act as tranms-
ducers to convert the sounds of the artillery firings into equivalent elec-
tricel signals. When installed, the microphones are arranged in rectanguler
arrays, which mey vary from 50 to 600 meters in size, measured diagonally.

e. Junction box provides a terminus for the microphones and a power
input for the battery supply; it is also used as a shipping case for the
microphones.

f. Battery BB-424/U, 2h-volt, 2L-ampere-hour, nickel-cedmium, provides
power for L hours of contimuous operation. One bettery is supplied for each
station; however, two batteries are provided so that one may be switched
without interrupting operation.

The following euxiliary items, although not included with the present
equipment, are essential for normal operation:

€. Redio or telephone to meintein commnications between stations.

h. Battery charger.

i. Digitel computer to correlate data received from the various
stetions.

In order to synchronize the timing mechanisms among the different
stations‘, one station is designated as the "Maste:." and the other as
"Sleves." The designation is arbitrary inasmich z: any station can perform
either function.

PHYSICAL CHARACTERISTICS

The AN/TNS-5 is packaged in several shipping cases: Two lerge shipping
cases contain the oscilloscope and the tepe transport; two smallar cases
contain the analog computer and the junction box; and another case contains
one BB-L424/U nickel-cadmium battery.



Weights of AN/TNS-5 Components

Junction Box - 52 pounds (without microphones - 43 pounds)
Oscilloscope -143 pounds (without case - 275 pounds)
Battery - 55 pounds

Computer - 30 pounds

Tape Trensport -233 pounds (without case - 81 pounds)
LABORATORY TESTS
Generel

The equipment is so designed that it is operable either in or out of
the shipping cases. It is reedily placed in operetion by removing the covers
from the shipping ceses and screwing demountable legs into the bottom of the
cases. The lengths of the legs are adjustable to zllow for use on uneven
ground. Detacheble coupling cebles join the mejor components.

An initial warmup period is necessary efter the power is first applied.
This allows the servo to settle down (sbout 2 minutes) and the ultrastable
oscillator to stebilize (ebout 15 minutes). During this time the operator
hooks up his microphones znd telephone lines anc performs other routine
tasks.

Record Medium

Signals ere recorded on az 5/8-inch-wide mylar megnetic tape which
sccommodates four signal channels end two skew-correction chennels. The
tepe is supplied in the form of an endless loop 200-feet long ané is
imprinted with a numbering sequence of 0-14,400. The tape moves =zt a
guerter of en inch per second permitting = storage capacity of L hours
efter which any previously stored information is eutomatically erzsed znd
e new timing cycle begins. The design of this tepe presented many difficult
problems, some of which esre described below:

Tepe Snerls

The tepe frequently failed to follow the prescribed path end beceme
bedly snarled in the tape trensport. The eguipment then hed to be shut down
until the operator had relieved this condition. At worst this trouble
occured several times e day. Aside from the annoyence, the many creases
that were formed in the tape mey eventually affect its life and performance.

Tape jems occur most frequently in hot and humid weather end in eguip-
ment that has been standing idle. Additionel trouble occurs when a large
loop is permitted to eccumulate in the intermediete storage bin. The tape
then often becomes snarled or the added weight prevents the plasyback cap-
stan from lifting the tape from the bin. Two tepes split at Fort Sill
after operators put excessive tension on them while sttempting to clear tape
snarls. Broken tapes must be discerded since they cannot be spliced without
losing the timing seguence.

(W)



Tape Contrast

~ The photogrephic coeting developed by an RCA subcontractor 'is tran-
slucent so that the dark magnetic oxide base shows through and degrades
contrast. This not only reduces legibility but interferes with the per-
formence of the photoelectric assembly, which stetilizes tape speed through
a servo system. Much improvement is needed.

Tape Life

It is estimated on the basis of tests that the life expectancy of the
magnetic tape in constaent use would be about six months. After this time,
breekage would occur, or surface scratches would reduce legibility to the
point where the tape would no longer be usable.

Weiting Interval

At f-inch per second tepe speed, end with no tepe in storage, the
tape requires almost a minute to traverse the path between the record and
pleyback heads. This delsy is undesirable.

Timing Error

The timing hsirline for the record heed is physically displaced.from
the recording gep by 10 seconds of tape time. To determine the time of an
event, therefore, the operator reads the record time and subtracts ten. For
example, a signal viewed on record at 1000on the magnetic tape will eppear
on the scope screen when the tepe passing over the playback head reads 990.
This places an additional burden on the operator when it is necessary to
observe the time over the record heed.

Pleyback Heed

Specificetion Requirement: parsgraph 3.1.4.

A develcpment of some interest for the AN/TNS-S is a rotating pleyback
head with built-in preamplifiers. During playbeck the megnetic tape is
wrapped 180° around the cylindricael playback heed and remeins stationary
while the head rotates at a rate of 20 revolutions per second beneath it.
Despite mutuel sbrasion, both the head and tepe stood up well. For exsmple,
after several hours of operetion in e fixed position, the wear on the tape
was confined to a slight burnishing of its magnetic surface. Conversely,
the heed withstood continuous rubbing from the tape for cumlative periods
of severel hundred hours without apperent degradation or wear. Based upon
present experience, therefore, the life expectancy of the playback head is
commensurete with other components in the equipment.

On the negative side, some additional stiffening in the head mounting
is required to prevent a whipping motion which occasionally develops, A
better brush assembly is also needed to control contact noise.



Field of View

Spec. Requirement - none.

A 5-point switch is provided for edjusting the operetors field-of-view
from 80 to 4OOO milliseconds. When using the 40OO-millisecond field, the
veeder-root counters are out of the circuit and the times of errivals of the
signals appear in their true relastionship. This fezture permits the opera-
tor to recognize and reject unwented signals such as those coming from the
reer.

Switching the field-of-view causes & pronounced displacement of the
signal on the oscilloscope screen so that the operator must find and re-
center the signal each time the fleld width is veried. Since this action
is accomplished by moving the tape back and forth in relation to the timing
hairline, the epparent arrival time of the signal will vary appreciably with
different fields of view. To meet this problem in the field, an operating
procedure was established in which ell stations made their time measurements
on the 580-millisecond scale. Some signal displacement was also noted with
respect to the selection of zudio filter response, but this was not of
sufficient magnitude to cause concern.

In addition to the timing errors described sbove, the shifting of the
signel is troublesome in that it prevents the operetor from "closing-in" on
the signal by progressive reductions in the field-of-view. This defeats
one of the principle objectives in providing a graduated system of sweep-
times.

Ultrastable Oscillator

Spec.Requirement: paragreph 3.1.6.

The oscilloscope contains & transistorized, ultrastable oscillator in
which & 1.310720 Mc crystel unit operates inside a proportionately controlled
oven. Tests performed at USAERADL show a freguency stebility of 1 part in
107 over a 2h-hour period.

The signal from the oscillastor is used to drive a series of binary
frequency dividers which reduce its frequency by a fector of 2 T to give a
final output of 10 cps. This signal serves as & time reference which con-
trols the speed of the magnetic tape over the record head. The sbsolute
frequency of the oscillator is not critical, although it is importent that
all stations operate at the same frequency so as to maintein tepe synchronism.

To tune the oscillator, a slug adjustment wes originally availsble from
the front panel; however, this proved to be a weak point because of marginal
design in the internel coupling. After repeeted failures et this point, =
modification was performed by the contractor wherein the oscillator fregquency
was adjusted through-a combination of a voltage senrnsitive capacitor and a
10-turn potentiometer. This corrected the difficulty.



Oscillator Synchronization

Before trensmitting the 1.3 Mc standard frequency signsal from the
mester to the slave stations, it must first be divided by a factor of 512,
through a series of flip-flops. This reduces the output fregquency to 2560
¢ps which, being in the audic range, is readily transmitted over conventional
redio or telephone lines. At the receiving end, the 2560-cycle reference
signal is compared sgeinst e similer locel signel by means of Lissajous
patterns.

While this method appears relatively simple, it is poorly conceived
from e systems standpoint. In dividing the crystel frequency by 512, the
errors in the output frequencies are reduced by a similar factor. Since
the maximum error likely to be experienced at the fundamental is only
é 2.5 cps, the Lissajous pattern formed at the subharmonic freguency will
reguire at least 100 seconds to go through one revolution. At this rate
of rotetion, the circle appears practicelly stationary.

The procedure recommended by the contractor calls for stopping the
Lissgjous pattern on its edge. To do this the operator must adjust the
tuning potentiometer very precisely, in order to halt its almost impercept-
ible motion. The difficulty is eggravated by 2nd harmonic distortion in the
signel, which prevents reduction of the Lissajous pattern to line width.
Student operators were uneble to perform this operztion, despite repeated
efforts.

Remerks

The present method of synchronizing the ultrasteble oscillators is
considered impracticel. The indicated correction is to multiply the sub-
harmonic signal back to 1.3 Mc, and compare signals at the fundamental.
This would reduce both the time and the level of skill required for this
operation.

Tape Synchronization

Spec. Reguirement: paragreph 3.5

1. Test Procedure. The method for synchronizing tepes 1s described
in the contractor's operating instructions. It consists essentially of
comparing the spparent time of arrival of a merker pulse at the slave
stetions zgeinst the time of transmission of the seme pulse from the master
station.

2. Test Results. This procedure proved cumbersome to implement even
in 2 minimel 3-station system because of the following shortcomings:

a. It s difficult to achieve the close coordinetion needed among
widely separated groups.

b. The marker pulse cannot be picked up in the presence of the back-
ground noise introduced by the microphones, so that the sensors must be



disconnected prior to each calibreation.

¢. The merkings on the Record Head Adjust dial are only approximate
s0 that the calibration process mist be repeated severel times.

d. Where large differences in tape timing occur between stations, the
operator is regquired to align his tepe by turning the zero calibrate sheft
several thousand times with a screwdriver. This is quite impractical and
various expedients were used to eliminate this step.

Remerks

The method is impractical in terms of the time and effort needed to
synchronize tepes under field conditions.

Timing Sysﬁem and Long-Tern Stebility

Spec. Reguirement: paragreph 3.5.

1. Test Procedure (Described in the Appendix).

2. Test Results. Vhen the servo system is functioning properly, the
tape will keep time with radio station WWV, without perceptible error for
periods of at least several hours. Problems in the servo design relate
primarily to improving reliability so thet accurste timing cen be achieved
consistently.

Servo System anc Short-Term Stebility

Specification Requirement: paragraph 3.2.1.
General

The Servo System is intended to regulste +the long-term speed varia-
tions of the magnetic tape so that the numbers printed on the tepe can
serve as e common time reference between stations. The servo compares the
phase between one 10-cps signel derived from & subharmonic of the ultrastable
oscillator and 2 second 10-cps signal produced by opticelly scenning the
l/lO-second timing lines on the tape as it passes under an exciter lemp.
Both signels asre detected in = phase comparator, and the dc output is used
to apply eppropriate speed corrections to the tape through 2 servo circuit.
A panel meter permits the operator to monitor the servo action.

The time constant of the system must be cerefully chosen since too long
g time constant will cause skipping of the timing lines and too short = TC
will introduce short-term speed variations. In nei+her case will the servo
correct short-term speed fluctuations origineting within the egquipment.
The servo is an avereging device, vhich depends primerily on careful mechan-
ical design to prevent short-term speed variations from developing, rather
than attempting to correct them afterward.



1. Tape Error

The tepe drive motor is a LOO-cps hysteresis synchronous unit,
whose speed is controlled by vaerying the freguency of its mltivibrator
type power source.

The actuel drive frequency was found to drift slowly from 392 to 402
cycles with a center point of 396 cps. (See Test B for procedure in
Appendix). It was theorized that the deviation from the nominel freguency
of 400 cps was due to errors in tape length. Meesuréments of the corres-
ponding portions of the megnetic tape confirmed this hypothesis and showed
that the error in tape length conforme closely to the observed discrepancy
in the driving freqguency.

2. Shmitt Trigger.

To prevent veriations in signel level from affecting the servo
action, the amplified signal from the photoelectric cell is used to fire
e Shmitt trigger, rather than passing into the phase comparator directly.
In the present models it was found that the sensitivity of the Shmitt
trigger had been raised to the point of self-oscillation. During warmup,
oscillation occured at 22 cps. After recording started, however, this
frequency "locked-in" to the 10-cps signals coming from the photoelectric
cell so that the equipment was eble to operate. Where, however, incoming
signels fell below e threshold value, the circuit unlocked and produced
timing errors. If the semnsitivity of the Shmitt trigger is reduced to
prevent self-oscillation, the incoming signals may be too weak to provide
reliable triggering.

3. Test Procedures. Test procedures for the measurement of short-
term stability are described in the Appendix. Three different technigues
are given pertly to afford the test engineer a choice in meeting different
test conditions and partly because the methods employed have proven eppli-
cable to the solution of test problems in other areas.

L, Test Results: Tests A, B, and C (See Appendix).

When first received the tape speed varied continuously over a range
of several percentage points. The needle of the servo meter jittered con-
stently indiceting an unstable condition. Both long-term and short-term
stability were very poor. A study of the A-3 circuit board revealed that
the time constant was less than the intended design value due to normal
leekege in the tantalytic capacitor which forms one element of the RC
eircuit. To correct this condition, a 1000 microfarad capecitor was placed
directly across the low impedance output of the servo and was found to
reduce speed veriations, caused by the servo, to acceptable limits. While
this expedient eliminated short-term speed variations generated within the
servo, it is ineffective against instantaneous shifts or flicker developed
within the tape drive mechanism because of momentery sticking or slippage
of the tepe. Test C, which is the most direct method, also shows the
greatest speed variations. In extreme cases, errors of as much as 10% have
been observed.



Remarks

The present servo design fails to meet minimum standards of speed
control and reliability. An essential first step would be to improve tape
contrast. This would correct marginal operation of the photoelectric cell
arm of the servo and eliminate various design compromises in this area. A
more rigorous system of controlling short-term speed veriations is necessary
in eny future design.

Crosstalk
Spec. Requiremend: paragreph 3.7.19.

1. Test Procedure. The test for crosstalk is described in the Appen-
dix.

2. Test Results. The crosstalk for set #2 at verious frequencies is
given below:

Frequency Re jection
2.5 cps 36 db
5.0 cps 36 db
7.5 cps 36 db

10.0 cps 36 db

25.0 cps 36 db

50.0 cps 30 &b

Remarks

The equipment tested fails to meet the requirement for 40-db rejection
of crosstalk. From & precticel standpoint, e crosstelk rejection of 36 db
as listed above should Ve tolerzble under normal conditions. However, as
is mentioned later under the "Dynamic Range" tests at Fort Sill, overloading
et the input mey give rise to a type of crosstalk which is severe enough to
halt operations.

Skew Correction

Spec. Recuirement: There is no formel requirement for skew correction
as such; however, the need is implied in the Overall Performsnce Require-
ments, paresgraph 3.8.

1. Test Procedure (Described in the Appendix).

2. Test Results. The typicel error in counter readings due to tape
skew is eguivelent to £ L milliseconds. This would contribute a significant
error in azimthsl determinetion.




Response iatchin
Siéc?‘R@ﬁﬁTgément: paragreph 3.7.1.3.

1. Test Procedure (Described in the Appendix).

2. Test Results. The equipment meets the requirement for uniformity
of frequency response among the four input chennels.

Frequency Response

Spec. Requirement: paragreph 3.k4.1.

1. Test Procedure. The test procedure is essentislly the same as that
described for Response Matching in the Appendix, except for an increased
number of test points.

2. Test Results. A typical freguency response curve is shown in
Fig. 1. This shows marked irregulerities at the lower freguencies and also
that the AN/TNS-S does not meet specification reguirements sbove S50 cps.
Poor high-frequency response would reduce the ebility of this equipment to
range on mortar firings.

. Dynamic Range

Spec. Reguirement: peregraph 3.7.1.k.

). Test Procedure (Described in the Appendix).

2. Tbét Results. Results ere shown in the chart below. This test
shows thet the equipment does not meet the specificetions for dynamic range
by 2 factor of & @ in the cese of sets ;1 and 72, and by 12 db in the case

of set #3. ,
#1 2 #3
1-100 cps Dynamic Range 42 dv 42 ab 36 db
7.5-100 cps Dynamic Range Sk ab 54 db L8 ab
Remarks

This deviation from specification is not serious when it is contained
within the @bove limits. However, from time to time, serious brush noise
developed vwhich necessitated the cleaning or replacement of the brushes.
Brush meintenance is & difficult end time-consuming procedure, which should
be minimized in any future design.

Power Supply
Spec. Reguirement: paragraph 3.1.6C.
In normal operation AN/TNS-5 is powered by two BB-42k/U, 2k-volt

nickel cedmium batteries. One of these is in use; the other is on standby.
Batteries may be switched without interrupting operetion. This feature is

10



importent in maintaining time synchronization between azimuth stationms.

Nickel cadmium betteries cen be charged either from a constant voliege
or a constant current source and will accept very high charge rates without
damage. On constant current, the total cherge for BB-42L4/U is 34 empere-
hours. On constant voltage, 2 29.5-volt potentiel is zpplied across the
battery until the ocutput current tepers off. ZEach battery is intended to
supply 4 hours of continuous operation and under favorable conditions will
actuelly do so. However, in practice, the batteries must occasionally be
recycled by means of a slow discharge to revitalize the cells.

Power Drein

Current dreins for the AN/TNS-S under various operasting conditions
using & 25-volt battery supply are listed below:

&e. Junction Box switch and liaster switch on Tape

Trensport both in "Off" Position = O amps
b. Junction Box switch "On"; Master swtch "Off" = 0.4 amps
¢. Seame as previous, except Mester switch "On" = 3.3 amps
d. Same as previous, except Record switch "On" = 3.8 emps
e. Seme as previous, except Pleyback switch "On" = k.4 amps

f. Seme es previous, except Computer Button pressed

with Bridge balanced = 4.9 =mps
g. Same as "e" except Computer in full operation = 5.2 emps
Running Life

The figures below represent a battery discharge cycle across a 6.3-ohm
resistive loed. The battery had been discherged twice over 2L-hour periods
prior to test. It had then been recharged overnight by the constant oltage
method using & maximum charge rate of 22 amps.

Elepsed Time (minutes) BB-42L/U Voltage (volts)

0 26
' 15 25

30 24,5

ks 24,45

60 24,2

T5 2h.1

90 ok.1

11



Elspsed Time (Minutes) (Cont) BB-42L/U Voltege (Cont)

105 24.0
120 (2 hrs) 24.0
135 24.0
150 2k.0
180 23.8
210 23.6
225 23.3
240 (4 hrs) 23.2
255 : 23.15
270 23.1
305 22.8
315 22.6
325 22.4

Voltage Operating Limits

The contractor has set the voltage range for the eguipment at 22.5-26.5
volts. Experience shows the need for extending these limits in both direc-
tions. During constent current cherging, for example, the battery potential
mey rise to a peak of 32 volts. While this value declines after the charger
is removed, it must be expected that AN/TNS-S will occasionally be subjected
to excessive voltages. The circuitry must, therefore, be capable of surviv-
ing a maximum overloed and, if possible, to continue operating.

At the low end, a week battery manifests itself by an upward drifting
of the traces on the oscilloscope. A trained operator also will recognize
changes in the level of the servo meter reeding as the battery voltage
declines. Neither of these methods is satisfactory, however, since they
require undue attention on the pert of the operator. During field tests,
often the first indication of battery failure would be e stoppage of the
playback motor or s dimming of the pilot lights. By the time this occurs,
tape synchronization will have been lost and the stetion must be rezeroed
with the rest of the system. To give the operator greater latitude it would
be desirable to have the equipment opersble down to 19 volts. This is
considered to be the nominel end life of the BB-h2h/U. Even better would be
a positive warning system which would signel the need for a battery switch-
over,

Analog Computer

Spec. Requirement: paragreph 3.6.1.

The analog computer provides & solution to the eguation

0=tant T2k

11,3

12



Secondly, it computes the éound ranging correction in accordance with:

12 3
sac = Yok * T3
X

Where K=Time for the signzl to traverse the longest dimension of the array.

The azimuthel determination is made by balancing e bridge which includes
a precision potentiometer inside the tape transport as one of its arms.
This potentiometer is mechanically coupled to the counter controls so that
the azimuth is an analog of the knob position. The output reading is read
directly in mils. A bearing correction knob on the computer permits the
operator to apply a fixed correction vwhich autometically compensates for
eny rotation of the arrey awsy from grid north.

The present design is an outgrowth of e prototype model developed in
part by Frankford Arsenal for the AN/TNS-5. There has been some tighten-
ing of tolerancesszlong with other refinements in the RCA version, but in
general the computer closely follows the original design. The desirable
features of the earlier model are retained in the engineering test models
elong with some notable deficiencies.

1. Test Procedures. In eveluating the computer at USASRDL, major
emphasis was placed upon accuracy. Two principal series of tests were
performed, see Appendix.

2. Test Results. The test data that follow represent optimum calibra-
tion curves. Errors given below zre sbsolute values.

Computer #1 Test "A"

Quadrant Max. Error Min. Error Average Error
I 1.8 mils O mils 0.5 mils
11 3.5 0.2 1.9
II1 L.3 0 1.9
Iv 3.0 0.3 1.6

Computer #2 Test "A"

I 1.7 0 0.55
II 1.6 0 0.57
II1T 2.7 0.2 0.92
Iv 3.8 0.2 1.50
Computer #3 Test "A"
1 1.h4 0 0.13
III 1.3 0 0.70
v 2.0 0 0.71
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Analysis of Test Results

1. Test Results - Test A. The above figures show the performance of
the computer under optimum conditions where it was divorced from external
elements which might introduce significant errors. It will be seen that in
all three computers, the average error in the first quadrant is within about
4 mil and in no cese does it climb as high as 2 mils of azimuth. The per-
formance in the first quadrant is a favorable indication inasmch as reedings
in the other guadrants are derived by fixed displacements from the first.
The average errors for all guadrants in Computer #3 &1l fall within one mil
although there is one excursion of 3.4 mils.

.

On the basis of these figures it is reasoneble to expect that with
further refinement, the errors due to the computer slone cen be contained
within one-mil limits although these figures would apply only under labora-
tory conditions. Extreneous sources of error in any practical test must
include variations in tepe speed, skew, improper signal alignment, backlash,
static friction, temperature, differences in opersting technique. Many of
these are considered under the following discussion of test "B".

2. Test Results- Test B. The figures eppearing below are representea-
tive. Only the first guedrent results are given, since this serves as a
base for the other gquadrants.

Te St "B"

Quadrent Mex. Error Min, Error Average Error

I 6.4 0 , 2.9 mils

Computer #2 Test "B"

I 4.8 0 1.3

Computer #3 Test "B"

I 1.8 0 1.4

Average error 1.9 mils

The sbove figures show a contribution by all the variebles mentioned
previously, although the computer error remeins the principal offender.

Design Problems

Static friction is the principal source of error in the computer. Be-
ceuse of this, the servo system frequently fails to respond to smell im-
balances in the sensing bridge so that backlash and differences in operating
technique affect the readings. It is possible to increase servo sensitivity
bty means of a simple circuit modification. However, this solution is
thwarted by veriations in friction cver the diel range. An increase in
sensitivity that is just sufficient to overcome static friction at one por-
tion of the scale will csuse dial bounce an¢ hunting elsewhere. This problem
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is not of an inherent nature. It seems likely that even moderate attention
to this question in the future should result in its complete elimination,

Calibration Procedures

The recommended procedure for calitrating the computer proved to be
difficult and time consuming, without providing the desired results., Al-
though rule~of-thumb procedures were gradually evolved to alleviate the
problem, the time element remsins excessive, Under the best conditionms,
an experienced operator working with an assistant will still require about
45 minutes to calibrate the computer., The allowable time interval between
recalibrations is dependent on many variables, As a minimm, however, the
calibration should be rechecked once a week in the field or whenever adjust-
ments are made in the counter settings; also, whenever the equipment is
moved to a new location,

Human Engineering Problems

The difficulties in opersting end calibrating the computer, stem in
part from the neglect of a good human engineering practices. For example,
although the celibration potentiometers are the only adjustments aveilable
t0 the operetor, they have been assigned the following notetions, (listed
in order of edjustment): R-6L4, R-40, R-43, R-67, R-T4, R-T1l, R-39, R-35.

A logical numbering seguence based upon the circuit functions or the tuning
order of the potentiometers would heave eliminated constent reference to an
instruction sheet.

Further confusion results fror the fact that in some potentiometers, a
clock-wise rotation will shift the output reading in an upwerda direction
while in other potentiometers it gives a negative correction. Some of the
potentiometers reguire 3 or 4 turns to affect the output readings appreciably
wvhereas others respond to the slightest touch.

There are some nine different celibration points. At each point the
operator must temporerily memorize =z considereble mess of dats in order to
perform the required operztion. The strein of retsining this diverse infor-
mation while performing mental computations unduly complicates what should
be a relaetively simple process.

Eliminetion of the Computer

The difficulties exmerienced with the computer suggest the desirsbility
of eliminating this panel entirely. It is noted thet the counter readings
on the taspe trensport besr = simple relationship to the computed azimuth.
The digitsl computer which wes supplied es a2 separzate item for these tests
might, therefore, readily be adapted to compute the =zzimuths, in addition
to sorting them out. The only chenge in the opersting technigue would be
t0 have the station operators transmit counter reedings insteasd of =zzimuths
to the sound centrel. There do not appesr to be any importent disedvantsges
to this plan. If conditions srose where it might become desirsble to have
the stetion operstors compute the =2zimuths, they could be supplied with no-
mogrems, which would do £ job equivelent to the anslog computer at =



considersble saving in cost and complexity.

Human Engineering

Spec. Requirement: paragraph 3.17.

Human Engineering is especizlly important in the case of sound-ranging
equipment becsuse of the more active participation on the part of the opera-
tor. This inherent limitation should have made humsn engineering = major
objective in the AN/TNS-5 design. However, despite some effort in this
direction, the disregard of good human engineering practices is one of the
more conspicuous weeknesses in the present models. To cite a few examples:

1. Tape Transport Controls

The controls that govern the physical positioning of the recording
medium are touchy and difficult to operate. Detent ection, where used, is
week .and indefinite. Excessive torque is needed to turn the Speed Selector.
It is difficult to engage the Tape Adjust Knobs and this step usuelly results
in a premature release of the tape tension switch which consegquently pulls
the signals off the screen. Beceuse of this balkiness in the Tape Adjust
controls, the less convenient Speed Selector must normelly be used to bring
signels into range.

2. Oscilloscope Controls

The four signel traces on the scope are stacked vertically. By
contrast, their associated controls are arranged in a horizontal row. The
operator must, therefore, constently bear in mind that the traces ere to be
adjusted not by reading the controls 1-2-3-4 from top to bottom but 1-3-2-4
reading from left to right.

3. Electrical Hazard

The framework of AN/TNS-5 is "hot" with respect to ground. In Gemp
weather, the operetor touching the metallic portions of the equipment
receives an uncomfortable shock.

L, Eyepiece

A heavy connecting ceble droops over the eyepiece of the record
head, preventing the operstor from bringing his eye up close to the gleass.

5. Vernier Dial

The playback head is eguipped with & vernier dial which is intended
to permit & time readout of the tape to within 0.0l seconds. However, the
gap between the diel and the printed surface is so large that perallax and
glare meke accurete readings impossible and this device is unsble to serve
its intended purpose.

6. Optical System
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The opticel system includes e vrism and sz fixed focus lens to assist
in reading the tape merkings. Persons who have difficulty in accommodating
their vision to nearby objects (presbyopia) find the numbers blurred.

A means of focusing the lens should be provided to compensate for
differences in visual acuity.

T. Mester Switch

No mester switch is provided. To shut down the eguipment com-
pletely, the overator removes one of the batteries and flips the battery
switch on the junction box to the position held by the evacusted battery.
This is inconvenient end may result in battery failure when the operator
overlooks this step.

8. Counter Numbering System

The counter units are numbered from 0 to 2000 with the number
"1000" represernting & midpoint in time. Counter readings above 1000 indiceste
that the sound has errived first at the number 1 2nd 2 mikes, while counter
readings below 1000 denote the arrivel first at the number 3 znd L mikes.
Student operstors find it difficult to grasp the concept of a zero reference
which is equel to 1000Q; in this respect, an importent insight is lost. A
better epprosch to the counter numbering vroblem would be z 1000-0-1000
numbering system printed in two colors to indicate positive and negative
values.

9. Zero Time Celibrestion Potentiometers

The potentiometers used for setting the counters on zero are
mounted inside the oscilloscope. These must be adiusted at lezst once &
day during normal use and the operator must remove the scove from its
cebinet each time this step is performed. Illogically, other potentiometers,
wvhich were never used, are mounted conveniently cn the front panel. This
arrengement should, of course, te reversed in any future design.

10. Screen Persistence

A medium persistence P-1 phosphor is used for the screen in the
oscilloscope. As a result of the low sweep rate there is 2 disturbing
flicker. Since the contractor's choice of phosphors is merely z first
approximation to the optimum value, further study azlong this line should
prove rewarding.

11. Anelog Computer

Humen engineering fectors releting to the computer zre considered
separetely in the section dealing with this equipment.
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Humsn 'ngineering-Maintenance Aspects

Servicing the oscilloscope is a relatively simple procedure. To assist
in field maintenance, a majority of the circuitry has been built on printed
circuit boards of the plug-in type. (Spec. para 3.10.) While all of the
boards on any chassis are of the same general design, appropriate keyways
prevent accidental insertion of any board in the wrong socket. Printed
eircuit boards in the oscilloscope are readily accessible by unfastening
four panel screvws and drawing the chassis forward on a set of metel slides.
Spring locks prevent the operator from pulling the unit onto the floor.

By way of contrast, gaining access to the printed circuitry to the
Tepe Transport is e mejor operation normally requiring the services of two
men. Some 51 (!) different screws must be loosened, the tape unthreaded,
the tape bin dropped, and the heavy unit then lifted out of its cebinet
and placed on the worktzble in a backwards position. After replacing the
defective board, the tepe transport is reassembled by a reversal of the gbove
process.

1. Computer Ceble

Opposite ends of the connecting ceble between the tape transport
and computer are mismated, thus: ILead "A" at the top end may be terminated
as Lead "P" at the lower end, while Lead "P" at the top end may become
leed "Z" at the computer. This inconsistency imposes an unnecessary burden
on the maintenance man.

2. Trigger Head Mountings

The trigger heads are tubuler in shaspe with s flat on one side to
prevent turning in the mounting. In the AN/TNS-5, however, the trigger
heads are mounted in perfectly round holes. The heads are secured by set-
screws which are tightened not against the flat edge but rather against the
round edge of the tubule. This is not only poor workmanship, but may lead
to improper orientetion of the heads after replacement or adjustment.

3. Microghones

The microphones are eesily disassembled for servicing or inspection
by unscrewing similar caps at either end. Removing the lower one, however,
automaticelly destroys e delicate fectory adjustment and renders the mike
unserviceeble in the field. Since the contractor has tasken no precautions
ageinst such =n occurrence, there is a 50-50 possibility of unscrewing the
vrong cap. Routine examination may, therefore, seriously damage the micro-
phone. Adding to the possibility of accidentel destruction of the RCA
microrhone is its cylindrical shape. Since it cannot conveniently be stood
on end for storage, the microphone must normelly rest on its side. If the
worktable is slightly tilted, the microphone will fall to the floor. Con-
stant vigilance is necessery to prevent this.
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Reliebility

The dominent problem in testing the AN/TNS-S5 is in meintaining opera-
tion despite incessant breaskdowms. The constant interruptions for cservicing
delayed testing mede advence planning almost impossible. Vhile relisbility
is scarcely characteristic of eny new eguipment, the AN/TNS-S fell below
minimim standards in this regaerd. Both electricel and mechanical weeknesses
contributed to the heavy list of failures. For example, an anzlysis of 27
third or higher echelon repeirs listed as "loss of Horizontel Traces" shows
15 different ceusative fectors. Of these, three are mechanical in origin
while 12 are electricel.

Electricel breakdowns predominated in the leboratory, while mechanical
failures become more prominent et Fort Sill. This difference stems in pert
from the cumulative mechanical wear after a few hundred hours of running
time and partly from the effects of ambient heat and dust on egquipment that
did not have an inner dust cover. DMechanicel failures in the field are zpt
to be perticularly troublesome because of the lack of suiteble spere parts,
and difficulties in installetion.

Another serious aspect of the relizbility problem is the seeming
ability of defective equipment to continue opersting in the presence of
hidden breekdowns. On severel occesions, apperently good eguipment was
found to be turning out resdings thet were seversl hundred mils off tearget.
In less-experienced hands, these errors might hzve continued indefinitely.

Remerks

The excessive number of malfuncliions experienced in the AH/TNS-S arise
from several sources.

1. The ecuipment is basicelly of & complex nzture. The statistical
probebility of failure, therefore, weighs hezvily ezgeinst the possibility of
fi-e AN/TNS-5 eguipments working simultesneocusly slong with their date links,
power generator, end digitzl computer. To meet the problem =t Fort Sill,
three RCA engineers, each one 2 specielist in some rhase of the AJ/TNS-S,
were constently on cell. Despite this addel assistence, reliability con-
timied to be = problem. Toward the end of tesgts, two of the sets failed,
when drive gears wore out, end they were returned to the lgboratory in an
inoperative condition.

2. Menufecturing tolerences of certein mechenicel assemblies were
tightened unreslistically in 2 "brute force" epproach to the sccurecy
problem. Some tolerances had not been met when the equivment was shipped
from RCL znd were degreded further by shoek, vitretion, and wear during
tests.

2. Inzdeguzte in-plant testing left the AN/THS-5 with many letent
defects which first came to light after delivery. This was perticulerly
noticesble with resvect to factors releting to accuracy such as short-term

speed veriastions, skew, servo stability, and computer accursacy.



L, Marginel design and components resulted in circuitry with in-
sufficient reserve to compensete for wear and tear or for normel variations
in manufacturing tolerances, enviromment and voltage.

Workmanship
Spec. Requirement: peragreph 3.18.

Test Procedure. Visuasl Inspection plus Field Experience.

Workmenship is average despite some severe lapses which downgrade per-
formance and reliability. To cite = few examples:

1. At the end of their rotation, movement of the counter controls is
hzlted by pulling on the lead wires which connect them to the trigger heads.
Inevitzbly these broke after some use.

2. The Speed Selector knob is not secured and mey fail to engage
vroverly after the fece plate is removed.

3. Color coding is different in all three sets. Some thick multi-
wire cebles in the Tape Transport were not color coded at all.

4., Mounting ceses sre not interchangesble.

5. The excessive number of wires going into certain of the plugs
and Jjecks greatly impedes servicing. Division into three or four separete
cable runs during construction would have avoided this problem.

6. The outer wreppings on the external connecting cebles ere not
properly secured so that they bresk away at the plugs.

7. Although precision geers are used consistently throughout the
tepe transport, the contrector neglected to provide a protective dust cover
for the gear assembly. This oversight was the casuse of numerous mechanical
failures at Fort Sill.

Environmental and Shock Tests

Destructive testing wes postponed until the performence cheracteristics
of the AR/TTS-S could be fully evaluated. It is intended that supplementary
testing will take vlace a2t USAERADL in the neer future. A separate report
will be issued upon completion of the final tests.
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FIELD TESTS

Field tests were performed on engineering-test models of the AN/TNS-S
at Fort Sill, Oklshoma, during the period 1k August - 7 December 1961,

Positioning of Equipment

The ability of the AN/TNS-5 to operete on uneven ground wes checked
because of possible tape-tracking problems. Tests were conducted in various
locetions where the equipment rested at a slant; results show that level
ground is not essential since the equipment functioned satisfactorily in
any position likely to be encountered during normal operetion.

' ngnlfz Equipment positioning is not criticel in AN/TNS-5 operations. .

Processing Time

This test determined the time needed for = single azimuth station to
process a set of signals and to report the data back to a centrel point.

Test Procedure

A G.I. operator was instructed to anelyze =211 incoming signeals during
e period when moderate firing wes occurrngon the range. He recorded his
dete and handed the test sheet to =z radioc operator who was standing by. The
information wes transmitted by radio to a second stetion set up a short
distance ewey. Here the detz wes again recorded, and then repeated back to
the first station for confirmation. The radio operstors used standard
commnicetions procedures. The AN/INS-S operator avoided doubtful or dis-
torted signals and worked without interruption.

Results

During en 80-minute test period, the AH/TNS-S operetor was able to
report out a total of 15 azimuths conteined within a 1T7-minute stretch of
recording tape.

A breakdown of the individusl sctions is as follows:

1. Centering signal on .cope, adjusting counters,

and computing szirmth. = 120 secs

2. Recording date on ped = 15 secs
3. Transmitting date vie radio and ewaiting

confirmetion. = U5 secs

Total = 186—;;;;

The 180-second figure given sbove omits the following intangibles which
would be present in any preactical operation.
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1. The time consumed in finding signals to process. This depends -on
the volume of firings and will vary greatly.

2. The time required for operation of the digital computer, presently
supplied =85 a separate item, st the command post.

3. VWeiting time for the radio operator in the event he mmst await his
turn when contacting the commend post.

L, Transit time of one mimite for passage of the recording tape in
ceses where it is desired to range on a specific target which has Just fired.

5. Time required for the gpplicetion of meteorologicel corrections.

Remarks

A direct comparison of processing time in the AN/TNS-5 and GR-8 is
difficult because of the many variables involved. It is probable, however,
that the All/TNS-5 suffers no importent disedventege in this respect.

Dynamic Range

Spec. Requirement, parsgreph 3.T7.l.k.

The AN/TNS-S is intended to handle signels without distortion over a
60-db range. Signals actually processed during the tests fell between
levels of 0.0F to 5 dynes per cm, about 42 db.

The present egquipment hes an ultimate sensitivity of 0.0l dyne/cma.
Although this is desirable, extreme sensitivity is not critical in the
reception of week signals, since wind noise seldom falls below 0.01 dyne/cm?.
In detecting signals, the All/TiS-5 operator sets his emplifier gain control
t0 some convenient zverage value which is determined by locel conditions.

For e given setting, he cen sense signels over a meximum 40-db range. Sig-
nels which are sppreciably weaker than this are lost or at best disregarded.
At the other extreme, very strong acoustic excitetion (about 20 dymes)
appiied to the mikes will overload the system and cause crosstalk on adja-
cent cheannels, %hile this problem is outside specification limits, cross-
telk must be controlled in future egquipment.

Remarks

On the tasis of the field tests, it appears that the sensitivity of the
417/TTiS-5 is in excess of reguirements and could sefely be reduced some 6 db.
This would be zdvantegeous in moderating some of the more difficult technical
requirerents end result in greater simplicity end reliability in the end
design, The dynemic range should be expanded to accommodate signals at the
20-dyne level,
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Audio Monitor

The AI/TNS-5 is equipped with an audio monitoring device to relieve
the operator from the strain of continucusly wetching the oscilloscope. The
monitored sound is heard some seconds before the signel appears on the
screen.

Since pleyback occurs at 160 times the recording speed, the frequency
of the incoming signals is multiplied proportionately. Signels recorded &t
1-100 cycles are pleyed back st 160 to 15,000 cps. A headset is supplied
with the egquipment.

Test Procedure

A test was performed on September 22, 1951 to determine the zbility of
the operator to pick up artillery firings and to differentiate them from
wind noise. The operator listened to the incoming siznals while seated <vith
his back to the eguipment., 'hen he sensed = signzal he raised his hand, end
e second operestor who was watching the scope, judged vhether or not it -wes

a valid alert. Wind velocity wes betireen 12 and 2= mpoh.

Result

At the start of the test the number of errors vzt larze; hovever, as
the zudio operator gained experience, his =zccurzcr irmroved, and eventuslly
it beczme difficult to say vhich operetor was in error. The sensitiviiy of
the audioc andéd visual monitorinz systems is compareble Tor vesk signals. The
operator's headset is fitted ivith lerge rubtber cums to exclude outside rnoise.
The weezrer soon compliained of discomfort ané arperently reserted the feelin:s

of isclation from the grour.

Renerks

coming siznals.
the battlefront
is necessary in

Ludio monitoring is & rrazcticel means of cded
It will find its greatest armlication iz guiet se
under fevorable sount-rengins conditions. 2 loud
future equipment to gain mexirmm benefit from thi

Signel Filters

£ key feature of the AK/TTS-S is the selective electronic zudio filters
built into the oscilleoscope. These —ermit the operator to acjust the bend-
wic¢th of the irncoming signels in zcecriaznce <ith lecel noise corditions., It
vas found thet estheoperztors gaineld experience, the 7.7~ to 10-cps range
became the rreferred setting. ALlthousgh this tend ic concideretliy narrover
ther cormonly used in sound-rarging, the Trectice of restrieting vandwidth
to the lower fregGuencies vermitted the enzlysis of signels that would other-
wise have been lost in noise. This improvement probably results from the
fect that signzls esre overlayed in the AI/ENS-S, vhereas only the leeding
portion of the weve is used in GR-8 anelysis. In eddition the siznei-to-
noise ratio improves with decreasing bandwidth,
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Unfortunately, the filter switching arrangement did not permit investi-
gations 2t still lower ranges. It seems possible thet further improvements
in signel to noise might have resulted from tests conducted at 3-to T.5-cps,
or even lower, freguencies.

Pover Supply

The AN/THS~5 is povered by e single 2k-volt nickel cadmium battery,
-L2+/U. Under lzboratory conditions this unit was found to be cepable of
providing L-l4 hours of continuous operation. In the field, however, this
figure wes seluom achieved, and battery failures occurredat unexpected and
inconvenient times. loreover, continuelly cerrying the heevy batteries be-
tween test vean and battery shop proved to be an arduous task.

The PP-1558 battery chargers furnished by USASRDL vere cepable of
recharging the batteries in less then an hour. At their meximun charging
rete, horever, the rectifier units consistently overloaded the commerciel
power lines and rroved useful only vhen driven by & high output engine-gen-

rator such as P5=05, A stopger solution was =schieved by floating the
“I/ITQ-S betteries across the dc charger eand replecing only the current
sctuelly consumed. This sxpedient made it possible to use = smeller engine
~ere*ato* such es TZ=75, It is important to note that slthough both the
IZ-T5 and PE-95 heve uncomfortebly hish noise levels, they do not introduce
azcoustic -nte;ferehce even vvhen installed in the ~wicinity of one of the
micronhones, ‘

future eguizment should exbody one of the never
taze, sesoline-drivern, dc generetors now being

tettery could then e ewp_O'ed working only on 2
ctendby bosis. n eldition to mininizing the babtery proeclen, a gasoline
enzire-zererstor -rould encourcre the {evelerment of hetter eguipment by
relievln the set-dezisnmer of wnreslistic porer requirerents.,

The microphones are of the capacitor type and derive dc power entirely

Iroz the function box of the AK,‘“S-h. The microphorne is not polarized znd
the --ires rmzy be connected --ithout reference to beitery polerity. These
units rere corizinzlly éesisned to te coupled to the junction box through s 3~
-rire caltle, but "rere subsequently convearted to & 2-wire system. The 2-wire
motification was evolved at & late stage in the develorment and becesuse of
e lizitet ons, the elditional circuitry wes rmounted externally by clemp-
e nted circuit boszrds in pressure terminels originelly intended to

~rire lines. 7o prevent corrosion, ths external structure was
covered by e Conformel plestic coeting. This expedient vas not entirely
successful; inafer cases, microrhone feilure occurred where moisture zppeared
under the terminels., This is not considereld & serious defect since the
solution is self-evident.
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Frequency Response

Frequency response curves supplied by RCA show a reletively flat
response for their microphone from 0.1 to 200 cps. By comparison the T-23
microphone with a 25-cps acoustic plug covers the range (3 db points) from
5-25 cps. Some apprehension was felt thet the extended response of the RCA
mike might ceuse overloading of the system by extraneous noise, and an
effort was made to preclude this possibility by installing adjusteble air
leeks on four microphones. These permitted an optional cutoff of frequencies
below 5 c¢ps.

Field tests, however, failed to show any discernible difference in the
performance of the modified end unmodified RCA mikes and they were used
interchangeably throughout the tests.

Weter Resistance

Water absorption proved to be the mzjor problem in the new microvhones.
During operations they ere suspended from o BE-55/A cover over = hole in the
ground. VYhen rainwater seeps into the hole, it reedily rpenetrates the nike
end attecks the sensitive zluminum diaphragm inside. Since the zluminum
coeting is only a few microns thick, it is quickly destroyed in the result-
ing chemical reaction.

It is to be noted thet microvhone T-23 is also vulnerzable to water
immersion. In the case of the T-23, however, the sensing element is tles
imum wire which resists corrosion so thet operstione mzy be resumed zs soon
as the microphone dries cut. Another factor in favor of the T-23 is the
placement of the output terminels ané zir lesx et the tor ¢f the cease.
Weter would heave to rise zlmost to ground level before it aefiected the T-23.
In the RCA mikes, the terminels are st the bottom vhere they are resdily
shorted out ty water even il the microrhone itself is not demaged.

-
-

Remsrks

Although serious, the shortcominge described zbove are not of a2 funde-
mental nature znd can be rezdily corrected through & better selection of
diephregm coeting meterizls and bty & rearrangement of the output terminels.
In this r~ase the RCA mike might be the choice for many sound-ranging rro-
blems other than the AIN/TI'S-5. Its advantages lie in its freedom from
polerity protlems, its low power reguirements, broader Ireguency response,
greeter compzctness, and eliminstion of zn internal battery surrly.

Personnel Treining

Ko formel progrem wes orgenized during the test period. New operztors
were given an hour or two of intensive instruction. This swras followed by
informel discussions of specific provlems as thé need erose. Student
operators rezdily learned the functions of the various controls anéd were
soon getting excellent results. Sound-ranging experience proved more
velueble in opereting the AN/TIIS-5 than & prior knovledge of electronics.



Remarks

There should be no problem in retraning sound-renging personnel to
operate AL/TNS-5. Two or three hours per day of instruction continued over
a one=week period should convert e good GR-8 man into a first-class AN/TNS-5
operator.

Spuriocus Response and Signal Identification

A type of spurious response was noted in the AN/TNS-5 which is
epparently peculier to the present equipment. When a transient 1s fed into
the front end, it will be found that upon playback the signal will be
bracketed by a miniature replice of the parent response. This is shown
below,

Where two or more transients occur, as is commonly the case in sound
ranging, additional spurious responses will be generated.

e

“hen the train of pulses is sufficiently prolonged, the spurious signals
infringe upon the "first break" causing it to become obscured. Because of
this anomely, the breaks in the AN/TNS-S are generelly inferior to those of
the GR-8 for signals of corresponding quality measured at an equivalent band-
width. A marked degree of uncertainty results from this, particularly in
ceses where the operator falls into the error of sound-renging on the "vhan-
tom" signels. The greater proportion of gross errors appearing among the
AH/TKS-S data mey be indicative of these spurious responses. The cause of
this type of response was not fully determined at the time this report was
prepered. However, evelleble evidence points to some sort of "end effect"
in the record head, wvhich results in leakage of megnetic flux on either side
of the mein slit.

Accurecy Test - Sound Renging Set GR-8 Vs. AN/TNS-S

Test Procedure

The two systems were set up in parellel along Bald Ridge. The three
AE/TNS-S squere zrrays were interleaved with the six GR-8 microphones to
provide azimuths corresponding to the 1, 3, end 5 rays of the T-23 micro-
phones. Three hundred meter sguare arrays were used., These were rotated
1600 mils from grid north to avoid local obstacles.

26



Two AN/TKS-5 sets, %2 and =3, were installed in the }-109 van in which
they were shipped from USASRDL, arde third set was instelled in a seperate
ven furnished by the Artillery Board. The GR-8 equipment operested from its
own vean.

The three vens were driven to a spot approximately at the center of the
base line end =1l comperison tests were conducted from this location. TIT
demolition charges, ordinarily 10 lbs in size, were detonated from verious
Firing Points on the range. A 5-second countdoim was given immediately prior
to each firing to alert operators in &ll vans to the arrival of the signal
end to prevent confusion with extraneous signals. A& meteorological team
supplied a visual meteorological message et l-hour intervals. Coordinates
of 211 targets were sccurctely known and were made availeble to the
operators. This was done to evoid ranging on unvented signals and to weed
out any equipments in vhich unrecognized breekdowvms might have occurred. '
However, since the operetors were unable to add the meteorological
corrections until after the azimuths were recorded, deliberate "cheating"
was discouraged.

Results

In sbout half of the tests, one of the three AlI/TES-5 stations broke
down prior to, or during the course d'the test, and a comparison with the
GR-8 wes limited to only two rays.

A full analysis on the basis of radial error is, therefore, impractical.
However, since the redial error is az function of the azimuthel error, a2 use-
ful comperison is possible by referring tc the more fundemental unit vhen
more complete deta is unevailable,

Average values using srrroximetelyr 150-2zirmith reedings Irom each set
shoved the fcollowing errors:

GR=-E = 10.2 mils Ln/Trs-5 = 11,8 mils,
These show 2 mergin in favor of the G2-8.

Although the GR-C eguirment hed the advantzge of experienced operecors,
this was not 2 major factor since some cf the eerliest tests showed best
results for the AL/TIS-5.

Probebly the best explenation for the slightly poorer performeance of
the AK/TES-S stems from errors introduced by veskness in the signal breeks.
This problem is discussed elsevhere in this revort.

Bvidence of mismeting signels is shovrn by the occasional appearznce
of gross errors in the midst of good readings. These degrade the averages.
If ell ezimuths shovwing an error grester than 20 mils ere removed from both
the GR-8 and AK/TNS-5 deta and the averages recomputed, the following errors
result:



GR-8 = 9.9 mils AN/TNS-5 = 10.6 mils.

The improved figures are the result of dropping 2 azimuths from the
GR-8 dete end 5 szimuths from the AN/TNS-5 date.

In two series of firings where all sets were operating and the readiel
error was computed, the GR-8 reteined its advantage.

Number of Aversge TNS=5 Error Average TNS-5 Average
Date Firings Using Computer Error Using GR-8
: Counters Error
30 Aug 61 9 132 meters 126 meters 93 meters
2 Oct 61 1k 168 meters ~——— 135 meters

The better averages for the 30 August 1961 figures above are due to
poor meteorological conditions during the October 1961 measurements.

Remserks

The GR-8 enjoyed a minor adventage over the AN/TNS-5 in accuracy. This
is beceuse of the recognized shortcomings in the present models rather than
to any inherent deficiency. A fully engineered AN/TNS-5 with a clean signal
response, accurate computer, stabilized tepe speed, larger scope tube, etc.,
should compare favorably with the GR-8 in accuracy.

Target Range
Test Procedure

Various sizes of TNT charges were set off at target ranges of
3,000-11,000 meters., No direct relationship was found between target range
and the quality or level of the received signals. In all cases meteorolo-~
gical conditions were the controlling factor in determining the distances
over which useful signals could be received.

Hote: The GR-8 and the AN/TNS-5 performed equally well in this test.

Array-Size-Accuracy Comparison

Test Procedure

The AN/TNS-5 sets were up at Station 37 on the East Range. The equip-
ment was installed et the center of four concentric arrays. Ten-pound TNT
charges were set off at various firing points and the resulting signals were
meesured simuiltaneously on two or more sets.

Arrey-size compearisions were usually reserved for days when only two

sets were opereting. The 150 end 600-meter arrays werc used to emphasize
contrasts due to differences in size. The number of firings per test is
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only approximete since readings were occasionelly lost or discerded for one
reason or another. Azimuths thet showed obvious errors were rejected
immediately end are not included in the following compilations.

As an additionel refinement, e second table of averages is shown in
which 211 errors of 25 mils or over have been omitted.

All azimuths were recalculated on the basis of counter reedings in
order to eliminete any error contributed by the znalog computer.

Average Error (in mils)

Approx. No. oU=-m 150-m 300-m 600-m
Date of Firings Arrey Array Arrey Arrey
(1%61)
Sept 7 3 - 20 - T
Sept 14 10 - 11.5 - 10
&Pt 19 J-l - 902 - 6o)+
&P‘t 21 5 - 6.6 - 1702
Oct 3 8 6.0 10.0 9.0 -
Averege Errors for All Firings
S50-meter errays = 6 mils
150 -meter erreys = 10.5 mils
300-meter arrays = 9.0 mils
600-meter arrseys = 9.5 mils
Average Errors Omitting Azimuths with Over 25-mil errors
50-meter errays = 6 mils
150-meter arrays = 7.3 mils
300-meter errays = 2.0 mils
600-meter arreys = 6.7 mils
Remarks

A comparison of the 150-and 600-meter errays for which the dete is
most complete shows an sdvantage in accureey of 0.6 - 1.0 mils for the
larger arrsay.

It is probeble that in a lerger sampling the 300-meter averege error
would fell in between these two velues, and thet the 50-meter everege would
be rether pocrer than it is.



The effect of using counter azimmth¥* rether than those from the
anelog comruter has considerable beering on the above figures since the
expected computer error rises sharply for & small arrey.

The aversge computer error for verious size arreys appears below.
These stetistics sre drevn from e rmch lerger population that the previous
teble and mey be considered as representative.

Size of Array Average Error
600 meters 1.6 mils -
300 1.8
150 3.b
50 T.h

The above tests show no merked advanteges in favor of the largest
errays. This seeming contradiction results from two competing processes.

In one case, corrugetions in the wave front degrade the accuracy of
the smell array, whereas differences in sound veloclty are more troublesome
for large arrays.

The choice of array size must, therefore, be determined in each case
by meteorological conditions, and the tactical situation,

Mass Firing Test

Test Procedure

Two series of mess firings were carried out on September 28 and
October S5, 1951.

In the first series, six guns were fired in the following seguence:

First Shot - one round, &ll guns in unison.

Second Shot - one round, in unison, second round repid fire.

Third Shot - one round in unison, second and third round repid fire.

Test firings began at 20:30 hours at which time meteorological condi-
tions were assumed to have stebilized. The second and third shots followed
et one-hour intervels. The waiting interval between shots was used by the
All/TNS-5 operators to enalyze the deata.

The disposition of the targets was considered unsatisfactory during
the Sept 28 firings beceuse of limited dispersion which resulted, in onme
instance, in having two guns directly in line behind one another.

¥Counter azimiths" are pencil and paper calculations based upon the
Veeder-Root Counter readings which appear on the face of the tape trans-
port. "Counter ezimuths"” are more accurate that "Computer azimuths"
which are derived from the analog computer supplied with the equipment.
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In the second series of firings cerried out on Oct 5, two of the guns
wvere omitted and the shots took place in the following seguence:

Shot 1 - one round in unison, one round rapid fire,
Shot 2 - one round in unison, two rounds reapid fire.
Shot 3 - one round in unison, three rounds rapid fire.

In both series of tests the magnetic tepes on the TIIS-5 were synchro-
nized immediestely prior to the firings to minimize timing errors.

One meteroclogical message was supplied for eech firing.

The GR-C operators were alerted to the incoming signels by a
"forward observer."

Terget Coordinates

E

X

FP 338 62058 3365k
FP 3ko0 62373 32956
FP 3Lix 62758 32991
FP S526% 6339k 33173
FP 527 62697 3330k
SaA 8 63390 33304
¥ Not used in Oct.5 tests.
Coordinetes for Centver Point
of TIE-5 Arreys
E I
Set # €39LL 38811
Set # 51251 39020
Set #: 5855¢ 39226
Co ter

For purposes of processing the THS-5 mass-firing data, an Autonetics
Co. "Revec" computer was shipped from Fort Monmouth end preliminery analyses
were made on the scene. Although this computer is reletively slow by
rresent-day standards and is not of military cguality, it is nonetheless
capable of supplying useful data.

Generel

Prior to develorment of the AN/TKS-5, the mess of date resulting from
e problenm of this type imposed a severe strain on the ingenuity of the
humen operator vho had to find related groups of signals vwhich might later
yield the target locations. In the GR-8, this is necessarily a process of



triel and error which due to the large number of variebles quickly becomes
unmenageeble. By contrast, the square array of the AN/TNS-S offers an in-
herent advantage in meeting this problem. For one thing, incoming signals
will pass over a 300-meter array in less than one second so that the tape
enalyst cen disregard responses falling outside this relatively narrow time
intervel. Where signals from mltiple targets do occur within the same one-
second period, the AN/TNS-5 operetor can usually metch related signals by
noting similarities in their waveforms. GR-8 operators are prevented from
using the waveform technique to match signals because of overloading in the
recorder which destroys eny individuality in signal characteristics.

On the other hand, although azimths can be obtained from each azimth
station, the validity of the intersections from all azimuth stations cannot
be ascertained until further processing hes taken place.

Signal Anaelysis is performed in the AN/TNS-5 by the "Repac" digitel
computer mentioned previously. This unit comperes the time of arrival and
azimith from one station with equivalent date from each of the other stations
in the system. When the resulting computation falls within a certain time
tolerance (epsilon), the computer reads ocut the data in the form of the
actual target coordinates.

Test Results

The volume of data resulting from the test was sufficient to overwhelm
the GR-8 system completely. Despite intensive effort on the part of the
GR-8 operators, no useful target locations resulted. On the other hand the
AN/TNS-S station operators were able to process their tapes without diffi-
culty. A lerge number of azimuths were recorded, most of which could be
identified with known targets.

On the negative side, the problem of obteining unique locetions of the
targets from the time/azimuth datea transmitted to the sound centreal proved
10 be beyond the system's capebilities. Neither visual exemination of the
computer runoff date nor of plots made of the intersections showed a unigue
separation of ell tergets. An exception was noted in the case of Target
FP 338, which was clearly bracketed on most computer runoff charts. Other
then this, the points of intersection were of a random character in that
false target concentrations occured freely along with valid targets. With-
out a prior knowledge of the target locations, both groupings would be con-~
sidered as true targets.

To eliminete the contribution of propagation and reading errors, the
problem was rerun on a simulated basis et USARADL retaining the relative
positions of the AN/TNS-S arrays and targets but computing the true values
of the azimiths, target ranges, and times of arrival beforehand. The tar-
gets were again assumed to have fired at the same instant.

When however this "ideal" date was reprocessed by the sorting computer,
the output readings continued to show a lergely random distribution.

32



The difficulty arises fromw the lerge number of intersections (see Fig.2)
which are generated during even short intervals when severel guns fire to-
gether. The Fort Sill mass firing, for example, produced 360 intersections
per round, in a full-size system. The probebility thet many spurious inter-
sections will meet the acceptance criteris set up for the computer then in-
creases to the point where a continuous spectrum of intersections appears in
the readout date.

In order to eliminate all spurious locetions from the finsl data, the
overall measuring errors would have to be controlled to within a few thou-
sendths of a second. Even with a very tight "Epsilon” of 0,25 seconds, sgbout
40% of the locations derived from "ideel" deata will prove to be spurious.
While many of the felse intersections cean be rejected summerily, e signifi-
cant proportion ere indistinguisheble from valid targets. .

It should be emphasized that the above remerks apply only to the test
conditions for the Sept. 28 and Oct. 5 firings at Fort Sill.

Under different circumstences the test results might be better or werse.
If & normel complement of five, rather than three LIi/TNS-5 sets had been
used, the proportion of spurious locations would heve bteen greaster. The use
of "live" rether then simmleted data would 2lso increase the probebility of
false locations. On the other hand, when the simlated problem essumes thet
only two (the worst of the group) rether then six guns have been fired in
unison, very good date will result. If the simuleted problem essumes that
the tergets heve fired one second apert, the number of spurious locetions 1is
reduced by half and the felse intersections ere more widely dispersed. For
an assumed two-second seperetion betwveen firings from the verious target
points, perfectly clean target locations result.

In the last case, sdditionsl test runs were performed on the digital
computer in vhich simulated ezimuthal errors averaging 10 mils, and timing
errors of 0.0L second were injected into the input date. Only minor degra-
dation of the test results occurred in the reedout dete.

Renmarks

The ability of the AN/TKS-5 to completely process mess firings wes not
established in the present tests. The failure results primarily from the
selection of target points which resulted in the elmost simultaneous recep-
tion et the erreys of signels coming from several sources. The AN/TNS-5 will
perform effectively only vhen used within the limits of its capebilities.

The essential conditions for ranging on multiple firings with & 3-station
system require that there be e limited dispersion of tergets so as to produce
e tighter knit group of intersections. Vhen this criterion is met, it is
possible to range on an entire battery zlthough individuel targets would not
be distinguished. Alternately, the AX/TNS-5 will handle targets providing
the signals arrive at the errays at least one to two seconds apert. While

it is not expected that the enemy.will cooperate in echieving these gosals,
the probability is thet suitable conditions will occur often enough of their
own accord to meke the AN/TNS-5 e useful instrument.

(W]
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SUMMARY OF PROPOSED MODIFICATIONS FOR AN/TNS-5

. Many of the suggested modifications listed below have already appeared
elsevhere in the text. They are assembled here for the reader's comvenience.
These proposals are based upon the RCA model end the existing system concept
and should not be considered as endorsements for either in their present
form. It is recognized that totelly new approaches may be reveeled during
future developments which would obviate the need for many of the changes
described here.

1. Equipment should be provided with a master power switch,

2. Vernier dial on playback position should be relocated to eliminate
parallex and glare.

3. Tepe contrast should be improved.

4, A safety switch should be provided to prevent damage to the record-
ing medium in the event of a lL-hour accumulation of tepe in the intermediate
storage bin or in case of snags occurring in the storage bin.

5. The walting period between the recording and playback of signals
should be reduced.

6. The cause of tape snarls should be determined and steps taken to
eliminate it.

T. A means for speeding up the flow of the magnetic tape should be
provided to permit repid sychronizetion of tepes where wide disparities in
timing occur prior to startup.

8. Recording speed should be increassed sufficiently to eliminate the
need for special skew correction circuitry.

9. A tepe threading diagrem should be installed inside the front
cover of tepe transport.

10. Automatic deta input between the tape transport and digital com-
puter should be provided.

11. Microphones should have mounting rings or ears to facilitate mount-
ing on wind screens.

12. Flats should be provided along edges of microphone to prevent roll-
ing.

13. Factory edjustments in the microphone and elsewhere should be
sealed to discourage unauthorized tampering.
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14, The microphone power switch should be ganged with the record-
motor starting relay. This would insure that the microphones were operating
whenever recording wes teking place.

15. Microphone amplifier should be designed to allow grounding of
one side of the wire line.

16. Microphone circuitry should be completely enclosed.

17. The nmicrophone pover supvly in the Jjunction box should be capable
:of contimious operation in an unloaded condition.

18. The selection of materials used inside the microphone should be re-
exemined with & view towards improved water resistance. Connecting terminals
should be brought out from the top of the mike housing.

19. BP-1 Terminals used on the microrhone and junction box should be
replaced with Mil-type screw-down terminals.

20, Where several wires must be accomoceied by & single binding post -
as in the case of the telephone terminals, the size of the binding post
should be increased sccordingly.

In accordence with conilusions steted under the relevent laboretory
tests, it is recommended that further Jdevelormernt of +he enzlog computer be
discontimied. Items 21 thru 25 are included only for purposes of record.

2l. The balance switch on the analog computer shonld be spring losico
so that it automatically returns to "operate™ position afier balancing ihe
bridge.

22. The beering correctior knob on the computer should be pro-ided
with a locking device to prevent accidental change of settings.

23. Celibretion procedure for the enalog computer should be simpii-
fied in accordance with good human engineering practices.

24, Design of the menmual control on the computer should be improved
from the standpoint of simplifying its removal and reassembly for servicins,

25. The packeging of the analog computer should be modified to inte-
grate it with the other major components of AH/TNS-S.

26. The computer servo should be redesigned to reduce errors due to
static friction and dial bounce.

27. The gain controls on the oscilloscope should be stacked vertically
corresponding to the positions of the traces on the screen.
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28. The gain controls should heve a "dead" position in which the trace
is completely suppressed. This is valuable when only 3 microphones are
operative. )

29. Microphone positions should be designated as North, South, West,
and East. In cases vhere the earray has been rotated, North would be the
microphone which becomes North after adjusting the bearing correction con-
trol on the computer,

30. Self-checking facilities should be built~-in to the equipment so
that the station operator cen tell vhethér his set is working properly. .
Thie should include a meens for feeding e 10-cps signal from the ultrastable
oscillator into the front end of the recorder.

31. The sweep circuits of the oscilloscope should he revised so that
e signel vhich has been centered on the scope tube reteains its relative posi-
tion for different fields of view.

32, The choice of fields of view should be modified as follows:
4000 millisecond - true position of traces
LOOO millisecond- shifted traces
1000 miliisecond - shifted traces
400 millisecond - shifted traces
100 millisecond -~ shifted treces.

23. The intensity of the scope traces should eutometically be in-
creesed on fast sweeps.

34, ILonger persistence phosphors should be used in the scope tube to
eliminete residual flicker. A larger tube should also be considered if
eveileble in & low power version. ’

35. Harmonic generators should be included in the oscilloscope to
mltiply the ultrastaeble oscilletor celibreting signal from the Master
Station back up to its fundamental frequency. Fregquency comparison would
then take place at the higher freguency.

5. The counter-zero alignment potentiometers should be brought out to
the oscilloscope front panel. The trim adjust potentiometers should be
moved inside the scope.

7. HMerker transients genereted in the Zero Time Calibrate circuit
should be increased in amplitude, of the input sensitivity increased. It
should be possible to synchronize tepes a2t the different azimuth stations
irithout disconnecting the microphones. }
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38. Undesired transients, introduced by clicking of the tepe tension
release solenoids, should be reduced as far as possible.

39. Audio-filter ranges should be revised as follows:

High pass Low pess
l1-3«~7.5=10 cps 7.5 = 10 =~ 30 ~ 60 cps

40. Lighting arrestors should be provided in the interest of per-
sonnel safety. '

41, A voltmeter should be included to indicate the state-of-charge
of battery. This could take the form of an additional multiplier on the
present servo meter.

ko, Cable wrappings on external comnecting cables should be reinforced
et the plugs to reduce breskage &t these noints.

43, TFuse holders should be of the indicator type.

Lh, A standby position should be availeble to minimize current drein
during inective periods.

b5, The servo circuitry should be irmprcved in the interest of
reliebility. Alternately, the motvor speed might e stebllized to eliminate
the need for a servo system entirely. This slternetive imrlies the use of
a2 sprocketed tape to eliminate slippage.

46, A simplified method of timing is needed in place of the present
unsatisfactory printed teve. The sprocketed tape mentioned in the previous
peregraph offers e means of performing this function mechanically.

b7, Excessive speel excursions noted in the present eguipment should
be reduced. A sprocketed tepe is one possitle solution to this protlem.

48, Counters should read 1000-0-1000 instead of 0-2000. Color coding
would be used to distinguish between positive and negetive vealues.

49, The outside of the eguipment should be grounded to reduce shock
hazards.

50. The mechanics of tape prositioning should be reviewed 10 correct
existing avkwerdness in operetion.

51. The removal and servicing of defective components in the tape
transport should be simplified.

52. Triggerheed mountings should have a flet surface on one side to
insure correct orientation.



*

53. Nonlinearities and spurilous responses in the eudio system should
be eliminated to reduce the uncerteinty in determining the first breeks in

the signal. “

Sk. lMore rugged mountings should be provided for the printed circuit
boards in the Tepe Transport.

55. Different numbering systems should be assigned to the boards in
the Tape Trensport and in the oscilloscope, i.e., different boards should
not have the same number.

56. Power Amplifier boards A-5 and A-6 should be mede interchangesble.

57. Eyepieces on the tape transport should have adjustable focus to
compensete for differences in vision,

58. The "Record Adjust" control should be mechanicelly coupled to the
record hairline.

59. Efforts should be made 10 reduce the number of similar components,
which ere carried as different items in the spare-perts group.

50. Voltage operating limits should be expended to 19-30 volts in line
with the actual voltege experienced in the field.

61. Provision should be made to accommodate the new standardized series
of radio sets.

52. The use of a sound-suppressed engine generator should be consi-
dered a&s a primar: power source. This would be supplemented by a storage
bettery for standby or emergency operation.

53. ©Size end weight should be reduced.

54, Tuvistor tubes should be replaced by transistors.

55. A dust cover should be provided for the precision geer trains, with
due consideration given to the prcblem of lubrication in the field.

56. Time constants in the audio system should be cut down to reduce
buildup time.

AT. Interaction between microphones due to dc loading effects should
be eliminated.

68. The number of tests points should be increased to fecilitate
maintenance.
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COMPARISON OF SOUND RANGING SET GR-8 VS. AN/TNS-5

GR-8 Advantages

Less complex.
Fewer personnel

Lower cost.
Iess power regquired.

Greater portability.

All personnel at one locetion.
less auxiliery equipnment
reguired.

Faster for single tergets.

More adeptable to redio-
link because of intermittent
operation.

Wider field of view.

Provides permenent record.

No sorting computer requirec,

‘Greater relizbility.

Fester installation and
shorter warmup period.
Greater security since thkere
is no redio transmission of
processed data.

CONCLUSIONS AID RECOM-ENDATIONS

eveluation a2t an incomplete stege of their leveleopment.
lzcked the elegance, speed, accuracy, &né reliability vwhick

N
) n -

=

TNS-5 Advantages

Wo forwerd observer needed,
Direct resdout of Azimuthe end
grid coordinates.

Faster in the cese of multiple
targets. .

Builtin electronic frecuency
filters.

o curvature correction reguired.
Smaller arrays.

lio chart paper to replace.

lio battery replacement in micro-
phones,
reater dymemic range.

ot confuseé by signzls coming
from the rear.
Broader frecuency response.

Azimiths irdependent of sound
elocity.

Sound-ranging Leseline can be
placed furthsr forward.

Provides four hours of suor-ge
time,
iagnetic storege of eiznci poruits

recdjustoment of sigrnel crerzcters
istics zfier recording.

o

The engineering test models of AN/THS-S were delivered to USARRATL for

in more fully engineered eguipment.

his idezs.

The contractor displeyed strength and assurance in the
pheses of the development, but proved to be relatively -reek
Inattention to deteil, poor "bumen engineering

As & resuli, they
night be expecied

theoretical
in implementing

" and marginal

design contributed significently to the poor showing in leboretory end field
tests.

requirements, in many ceses the deficiencies can be tolerated.
serious probtlens have eppeared, it i

Although these models failed to meet the more critical performence

Where more

s likely that they can be overcome in



the future by the applicetion of well-established engineering principles.
Particular stress is needed on the problem of relisbility.

Despite shortcomings mentioned in the report, the feasibility of re-
cording ertillery date on magnetic tape hes now been established. The con-
cept of the endless tape loop is basically sound. The capacitor microphone
and the built in electronic frequency filters appear to be useful contribue~
tions to the art of sound ranging. The ultrasteble oscillator is one of the
better designs in its class.

Comperative tests at Fort Sill failed to demonstrate any decisive over=-
ell advantage for either the AN/TNS-S or CR-8. Each equipment has essential
features vhich are lacking in the other. It remains to be determined
wvhether the geains offered by the AN/TNS-S are commensurate with the cost.

Additional study is needed on the AN/TNS-S from e system standpoint.
The present operating concept is wanting in terms of manpower regquirements
complexity, size, convenience and cost. Further attention must also be:
given to the problem of data processing.

One elternative to the present approach would be a centralized opera=~
tion in which all sets are installed at & common point. In this case a
thoroughgoing mechenical end electrical redesign should precede construction
in orcer to achieve the maxisnmm benefits from this mode of operation. Among
the essential features of & centrelized operation should be 2 multiplex
transmission system which would permit the transmission of signals from each
erray to the sound central vie a single pair of wires.

A second zlternative would be a hybrid system embodying the best
features of the straight and rectangular arrays. Preliminary studies in
this field have been undertaken et USASRDL and initiel results are
encourzaging. A report will be prepared when more complete data become avail-
able.
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APPENDIX

DESCRIPTION OF LABORATORY TESTS

b ENT OF LONG-TERY STABII

Test Equipment: Collins 51 receiver.

Test Procedure -

The Collins 51 receiver was tuned to Radio Station WWV. The test

engineer monitored the timing tape as it flowed over the record heed of the
Short-Range Missile Launch Locator AN/TUS-5, hen the tone signel vwas trans-
nitted by WWV signifying the stert of z S-~minute cycle, the tape time as
read to the nearest second. The engineer then continued listening to the
one~second time ticks from WWV until he hed nentallr symchroenired the ne.
l/lo-secona marking on the tepe against the {1ime standari., With o aci:c
this test method permits z time readout ic ztout 2,05 seconi.

Test A - Tepe Speed Verietions

Eguipment FRequired:

1 - Hewlett P=ck arh S2L4 Decade Trequency Counts: (referrel to oo
E.F. Counter)

1 - One shot multivibretor (lab-built)

1 - plug-in cathode follover (lsb~tuilt)

To perform this test, the H.F, counter is pui in the "3ell-cheo o
tion in vhich the counter counts the 100-kc signel frox its built-in fre-
quency standerd. As the 100-lic signel prcgresses dowi the line, Its f.02
guency is divided by ten at each successive decale. Ey the time it veachs:
the fifth decade, its frequency has been reducel by & Facteor of 10 end the
output consists of very narrow 1l0-cps pulses., The fifth-Cecede counter uniz
is unplugged and e cathode follower circuit iIs substituted. This provides =
lowv-impedence transformetion to the one-shot multivibrator et the test yosi-
tion, (see Fig. 3). The multivibretor generstes & 10-cps square wave heving
the same stebility as the 100-kc freguency stenderé in the E.P. counter. To
prevent cycling in the counter, the gating tube is removed prior to test.

Test Procedure

The four microphone inputs to the AH/TKS-S locator are hooked up to
perallel e 1500-ohm, 2-vatt resistor placed across each pair of iInput termi-
nels. The resistors sirmlate the microphones which are not used. The

k1



10-cps signel is then recorded on all channels.

If the 1-3 and 2-l traces are superimposed and the signals slipped
back and forth by the counter controls so that signals recorded at different
times can be compared, it is possible to meke & very sensitive determination
of speed varietions based on the differences in wavelength of corresponding
signels. Quentitative measurements are possible by this test. Since at
10-cps, one count on the AN/TNS-S counters represents 2 milliseconds in time,
there should be & signal coincidence at every 50 counts. This figure may
very depending on tape speed,.put it should be consistent for any L-gsecond
period.

Test B - Speed Variations Test

Equipment Required: Hewlett Packard Frequency Deviation Meter Model S00A
and Sanborn 154 Recorder.

The previous method uses random semplings of the signal to measure
short-term speed variations. Sveed perturbations thet occur at unmonitored
intervals mey be overlooked. Test B described below provides a method of con-
timious monitoring.

Test Procedure

The tepe transport of the AU/THS-S is temporerily removed from its
cebinet and test leads are hooked to the collector of the 2K1T4 transistors
cn the record power emplifier. The output signel is coupled into the H.P.
frequency meter through a 0.1 microfered paper cepacitor. This meter is set
on & S0=-cycle scale to provide meximum resclution. Since the output fre-
guency from the recoré multi-vibrztor is epproximately L0O cps, a de bucking
voltage rust Tte supplied to set the H.P. frequency deviation meter on center
scele,

The output of the frequency meter is a dc voltage which varies s e
function of the inyut frequency. This data is fed into the Sanborn recorder
~hich recorés frequerncy changes as e continucus line thet moves leterally
on the chert. Known frequercies are fed into the devietion meter prior to
the stert of testing to derizre a freguency curve for the Sanborn recorder.

Test C = Short-term speed veriations

Zguipment Required: H,F, 302 A Oscilloscope

Test C vas leveloped as a cross check on the other two test systems.
It bzs the alvantage of providing direct measurement of the tape motion
as contrested with Test B, which assumes that tape speed necessarily coin-
cides with changes in the freguency of the power supplied to the synchronous
record motor that drives the tepe.



Test Procedure

The output from the arm of the servo, vhich is driven from the ultra-
steble oscilletor, is fed into the verticel plates of the oscilloscope. The
signal from the other servo arm, which is driven by the photoelectric cell,
is used to trigger the horizontel sweep on the oscilloscope. If the phase
reletions between the two signels remzin constent, the pattern on the scope
should be statiomary.

MENT OF CRO
Equipment Required:

Hewlett Packard Low-Fregquency Function Generator Model 2024
Bewlett Peckard Oscilloscope Model 130B

Test Procedure

Resistors(1500 ohm) are placed ecross each of the input *erminals on
the junction box. A l.2-volt signel from the function generator is fel into
one of the terminals selected zt random. .° 50 microfared tlocking capacitor
is usel in series with the line. Input-signel zxrlitude is monitored on the

HE.P, oscilloscope. ¥hern the sigrzl eppeers on the A:/IKS-S oscilloscope,the

Fleyback amplifier attenuateor is aljustel to give & %-ihch cignel on the
ective channel, with 211 vernier rtotentiometers set at maiiimum. The rley-
teck emplifier ettenuetor is ther advenced until en eguivalent i M

on one or riore of the other chennels. The difference ix
is thern meesurec and rmuitirlied by siu to gi~e the croze-
decibels.

Test Equipmers: Hewlett Packerd Lov-Frequency Function Zenerator liodel 20Z4.

Test Procedure

Both counter unite ere set tc 1000. Four 1500-ohm, Z2-watt resistors
are conneciel across the microprone input terminals end the record motor
ig started. After & five-minute warmur reriod, the status switch is put
into the "Mester" position znd 2 series of traznsients are fed into the
record chennels bty the "Zero-Time Calitrete Sritch.”

A continuous 10-cps signel froz: the B.F. function generator mey be
used instead.

The tape is stopped at e converient point on playbvack and with the
"Iaumber of Traces" control a;ll, the signels ere superimposed bty adjusting
the positione of the 2-2 and = traces, using the aprropriete potentiometers
on the L£-° boaré inside the oscilloscope. The 230-milliseconé field-of-
view is used for final edjustment.

I
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The record medium is then advanced some distance until s new series of
transients eppear. The operator turns the counter controls until the traces
sre esgain superimposed and then takes a counter reeadings.

The difference between the new counter reading and 1000 represents the
skew error. This test should be repeated several times et different tape
locations in order to arrive at some representative value.

MEASUREENT OF UNIFORIIITY OF FREQUENCY RESPONSE FOR DIFFERENT CHANNELS

Equipment Required: "

Hevwlett Packerd Low-Fregquency Function Generator lModel 202A.
Fewlett Packard Oscilloscope Model 130.

Test Procedure

1. Hoo: inputs in parellel with & 1500-ohm, 2-watt resistor across
egch peir of terminals.

2. Using en H.P., function generator with a large value of blocking
capecitor in series with the output, record a 25-cps signal 18 db below
mexirum signel level (2.1 volts rms) on 21l channels.

lionitor input-signal levels with the oscilloscope in dc position
ané microphone switch turned "off" temporerily while teking measurement.

L, Set 2ll individuel chennel volume controls to their meximum clock-
wise position and adjust pleyback ettenuetor for an epproximate %-inch
signel.

. Using drefting dividers, check to see thet the ebsolute levels of
2ll channels are ithin = db.

5. Record 1-, 10-, 25-, 50-, 100-, and 120-cps signals at the same
level as in 2 above, using approximately 15 seconds of record time for each
signal.

T. Set playback attenuetor so that the deflection of the 25-cps signal

. . . 1
in each channel is approximately f-inch.

E. Adjust the individual chennel volume controls so that each channel
has the seme gain.

¢, Using drafting dividers, meesure the difference in scope deflection
vetween chennels for the 1-, 10-, 50-, 100~-, and 120-cps signals.



MEASUREMENT OF DYNAMIC RANGE

Test Equipment: Seme as for the response matching test above,

Test Procedure

1. Set playback attenustor to position 1k,

2. Place filters in the l-to 1l00-cps settings.

3. Residuel noise should produce less than %-inch deflection 5; each
channel. If not, reduce attenuator setting to give %-inch deflection.

4, Place filters in the T7.5- to 100-cps settings.

5. Residual noise should produce less then $-inch deflection in each
channel. If not, adjust attenuator setting to give %-inch deflection.

6. Hook inputs in parallel with & 1500~ohm, 2-watt resistor across
each pair of input terminals.

7. Feed 25-cps signal et 1.2-volt level (peak to peek) into input.

8. Reduce signal on playbeck using playback sttenustor until height of
signal is f-inch.

©. Read playback attenuator setting and subtrect reading from X and
5 above. Minimum difference should be ten.
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}EASURELENT OF COMPUTER ACCURACY

Test A ~ Ccmputer vs. Counters

Test Procedure

The correct counter readings to be expected for a given azimuth vhen
using a 300-meter array were computed manuelly for each 100-mil interval
between 0-6200 mils. The resulting figures were arranged to form the test
chert showvn below. The counter dials were then preset to the indicated
figures, the computer wes actuated, and & comparison wes made of the result-
ing computer reading versus the previously determined true azimth. Com-
puters were recelibrated prior to eech series of tests.

Test B - Signel Measuring Accuracy

Test Procedure

A precise 10-cps signal was fed into the input of the tape transport
viea the Junction boix. (See Test &, Tape Speed Veriations) The recorded
traces -vere then shifted back and forth by means of the counter controls
to procuce =z graduated series of elignments up to a mexirum displacement of
ten periodés between edjecent chennels. The resulting computer azimuths

were then compered with the iknovn true values which had been determined
beforehend,

Al;/TNiS-5 TDST SHEET
AZTIUTHS CO:FUTED
FOR SOUID RANGING CORRECTION = 1.000

Mils L R Computer Reading
100 1497.6 1049.0
200 1490.4 1097.€
300 1478.5 145.1
400 1461.9 1191.3
500 14L1.0 12350 7
600 115.7 1277.8
700 1386.5 1317.2
800 1353.6 1353.6
900 1317.2 1386.5



1000

1200
1300
1L00
1500
1600
1700
. 1800
1900
2000
2100
2200
2300
24,00
2500
2600
2700
2800
2900
3000
3100
3200
3300

3500
3600
3700
3800
3500
Looo

L200
L300
LLoo
L500
L600
L700
Leoo
1900
5000
5100
5200
5300
5400
5500

L

1277.8
1235.7
1191.3
1145.1
1097.6
1049.0
1000,0
951.0
902.4
85L.9
808.7

76L.3

722,2
682,8
646.4
613.5
58L.3
556.0
583.1
521.5
509.6
502.L
500.0
502.4
509.6
521.5
538.1
559.0
58L.3
613.5
6L6.L
682.L
722,2
76L.3
808.7
85L4.9
902.Y4
951.0
1000.0
1049
1097.6
1145.1
1193.3
1235.7
1277.8
1317.2

(Table Continued)

L7

1386.5
1353.6
1317.2
1277.8
1235.7
1191.3
1145.1
1097.6
10L9.0
1000,0
951.0
903.L
gol.9
808.7
764.3
722.2
682.8
6L6.L
613.5
58L.2
552.0
538.1
521.5
509.6
502.4
500.0
502,)
509.6
521.5
538.1
559.0
58L.3
613.5

Computer Reading




6000
6100
6200
6300
6L00

It

1353.6
1386.5
1u35.7
1L)1.0
1461.9
1478.5
1:90.4
1497.6
1500.0

(Table Continued)

L

R
6Li6.u
682.8
722.2
76L.3
808.7
85L.9
903.4
951.0

1000.0

Computer Reading
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STA-5

STA-4

ro. 2 |[NTERSECTIONS PRODUCED BY FIVE AN/TNS-5

STATIONS RANGING ON SIX TARGETS.
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SIGRA/SL-61-757 FORT MONMOUTH, N. J.
RECORDER-REPRODUCER . (ENGINEERING-TEST)

PART OF SHORT RANGE MISSILE LOCATOR AN/TNS=5
MFR. RADIO CORPORATION OF AMERICA
FRONT VIEW . SHOWING EQUIPMENT REMOVED FROM CASE
SHOWING TAPE STORAGE BIN BELOW MAIN UN|T
10 MAY 61

U.S. ARMY ELECTRONICS RESEARCH AND DEVELOPMENT LABORATORY
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AMPLIFIER
BALANCE

ORDER NO.
0029-#R- 580114220 ° ARRAY IZ2F

METE =S

. AMP BAL
BRIGHT AD.

T -
2 Sl %
AZIMUTH
MILS QUADRANT

SRC—\/_\\/—AZ

BEARING

COMPUTE BEARING
MIL S

SIGRA/SL~-61-759 FORT MONMOUTH, N. J.

COMPUTER . (ENGINEERING-TEST)
PART OF SHORT RANGE MISSILE LOCATOR AN/TNS-5
MFR, RADIO CORPORATION OF AMERICA .
TOP VIEW . SHOWING PANEL
10 MaY 61

U.S. ARMY ELECTRONICS RESEARCH AND DEVELOPMENT LABORATORY
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SIGRA/SL-61-831 FORT MONMOUTH, N. J.»

JUNCT ION BOX FOR SHORT RANGE MISSILE LOCATOR AN/TNS-5 . (ENGINEERING-TEST)
MFR, RADIO CORPORATION OF AMERICA
TOP VIEW, COVER REMOVED ., SHOWING MICROPHONES AND HEADSET PACKED FOR SHIPPING.
SIX MICROPHONES ARE SUPPLIED INCLUDING TWO SPARES
31 MaY 61

U.S. ARMY ELECTRONICS RESEARCH AND DEVELOPMENT LABORATORY
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